Urine samples from workers exposed to 4,4'-methylenebis (2-chloroaniline) (MbOCA) incubated with liver microsomes from rats induced with polychlorinated biphenyls. The stoichiometry of the reaction product was about 1:1 (MbOCA:UDPGA). This product, the chemically synthesised glucuronide, and the labile urinary metabolite had identical chromatographic and hydrolytic (heat and figlucuronidase) properties. These studies show that the major labile conjugate of MbOCA in the urine of workers exposed to this compound is probably the mono N-glucuronide. In view of the lability of this compound and the fact that its concentration in urine is two to three times that of free MbOCA, it is essential that any strategy for the biological monitoring of exposed workers takes into account the Nglucuronide.
physicians and the regulatory authorities after reports that it is a carcinogen in at least three mammalian species.'`Experimental studies have shown that MbOCA is mutagenic with both rat and human hepatic S94 and may form adducts with DNA in the rat5 and in human bladder explants. 6 MbOCA has also been implicated in two cases of bladder tumours in young men who were occupationally exposed to the compound.7
Occupational exposure to aromatic amines may be assessed by a programme including biological monitoring rather than by environmental monitoring alone. This is particularly important as skin absorption may be a major route of entry into the body.
In the case of MbOCA it has been shown that biological monitoring coupled with the complementary approach of occupational hygiene investigation can significantly reduce exposure. 8 With the early analytical methods only "free" MbOCA was measured in urine. In 1984, however, this laboratory reported the presence of a labile MbOCA conjugate(s) in the urine of exposed workers.9 This conjugate(s) was first suspected when it was observed that the concentration of MbOCA in urine increased two to fivefold from when the free amine was measured immediately after sample collection to reanalysis 24 hours after being left at room tem- perature. Mild hydrolysis of the urine samples, by heat at neutral pH, resulted in similar increases in the concentration of free MbOCA.
Such ease of hydrolysis is characteristic of the Nglucuronides of several aromatic amines, including benzidine, naphthylamine, and aminobiphenyl.lc '3 In an attempt to confirm the identity of this conjugate and to assess its possible implications for the biological monitoring of MbOCA we have compared the chromatographic behaviour, enzymatic hydrolysis, and mass spectra of synthetic Nglucuronides of MbOCA with the labile conjugate(s) found in the urine of workers occupationally exposed to the amine.
Materials and methods

URINE SAMPLES
Spot urine samples were collected in universal con-tainers at the end of an eight hour working shift from workers occupationally exposed to MbOCA as part of a routine programme of biological monitoring. The samples were frozen immediately and transported on cardice to the laboratory where they were stored at -20°C until analysis. low intensity ions at a higher m/z than that of the molecular ion of MbOCA. These, however, could not be assigned as fragment ions ofthe molecular ions of the N-glucuronides.
Thermospray mass spectra were obtained using a Finnigan 4500 mass spectrometer. Chemically synthesised N-glucuronides of MbOCA (50 pl of reaction mixture) were injected on to a Nova Pak C18 column; the mobile phase was ammonium acetate (50 mM): acetonitrile at a flow rate of 1-9 ml/min. The acetonitrile content was increased from 0 to 50% over 15 minutes. The source temperature was 180°C and the vaporiser temperature 130°C.
Analysis of urinefrom workers exposed to MbOCA Samples of urine (1 ml) from workers exposed to MbOCA were injected into the HPLC using conditions similar to those described earlier for the purification of the N-glucuronide conjugates. The urine samples were injected immediately after thawing or after heating at 80°C for 45 minutes. Fractions eluting from the HPLC were analysed for MbOCA content by either GCMS or HPLC, using the methods described above.
sponding to these two peaks was collected and reinjected on to the HPLC column, a peak corresponding to free MbOCA appeared, with a parallel decrease in the original conjugate peak. Thus these peaks both contained labile derivatives of MbOCA that were more polar than MbOCA itself and which were readily hydrolysed back to the parent amine. The likely identities of the two peaks were the cxand /3-N-glucuronides of MbOCA. Nevertheless, attempts to obtain EI and Cl mass spectra and molecular weight information for these peaks failed. The absence of molecular ions in the mass spectra was probably due ta-the chemical instability of the conjugates, with decomposition occurring before or during introduction into the mass spectrometer.
The /3-N-glucuronide of MbOCA was specifically synthesised by incubation of the amine with UDPGA and rat hepatic microsomes. By using radiolabelled UDPGA it would be possible to determine the molar ratio of glucuronic acid to the amine in the conjugate. In contrast to the chemical synthesis, the enzymatic synthesis produced only one HPLC peak in addition to MbOCA, which had the Figure 3 shows the mass spectrum of the first, more polar adduct of MbOCA, the putative /-isomer. The spectrum is dominated by ions at m/z 267-269 but also shows a prominent ions at m/z 443-445, the relative intensities of which suggest These data are consistent with the assignment of this conjugate as the a-N-glucuronide of MbOCA.
Both conjugates underwent non-enzymatic hydrolysis, the c-glucuronide showing somewhat greater lability than the #-isomer. At 37°C, over 60% of the JJ-glucuronide was hydrolysed within three hours and 70% ofthe c-glucuronide within one hour. Hydrolysis of both conjugates was increased with temperature and was complete within 90 minutes at 800C.
IDENTIFICATION OF N-/3-GLUCURONIDE OF MBOCA IN URINE FROM OCCUPATIONALLY EXPOSED WORKERS
Urine samples from workers potentially exposed to MbOCA were analysed for glucuronides ofthe amine in the same way as was used for the chemically synthesised conjugates. Samples were fractionated by HPLC and the fractions hydrolysed and analysed qu,antitatively for MbOCA. Some urine samples were concentrated fivefold by freeze drying and then reconstituted in 0-2 vol of HPLC mobile phase. On HPLC, such samples showed an ultra violet absorbing peak with the same retention time as that of the fi-N-glucuronide of MbOCA, which was not present in urine samples from subjects not exposed to MbOCA (fig 5) . The ultraviolet peak in the urine samples from exposed workers yielded MbOCA on hydrolysis.
Urine samples from workers exposed to MbOCA were fractionated by HPLC and the hydrolysed 6) . Although the second peak had the same retention time as that of diacetyl MbOCA, it, too, disappeared after initial heat hydrolysis, showing that this was not diacetyl MbOCA but some other minor labile conjugate. The third peak had the same retention time as that of monoacetyl MbOCA and changed little on heat pretreatment of the urine samples. The fourth peak had the same retention time as that of free MbOCA, and increased considerably after heat hydrolysis of the urine samples due to the liberation of free amine on hydrolysis of its N-glucuronide. Quantitatively, the most significant MbOCA containing metabolite in the urine of two workers exposed to MbOCA was the /3-N-glucuronide. After heat hydrolysis of the urine samples the major chromatographic peak was free MbOCA.
Discussion
Biological monitoring has been used to measure the absorption ofMbOCA by individual workers and has helped in controlling occupational exposure. This has been achieved by the quantitative analysis of MbOCA in workers' urine. Thomas '3 The synthetic Nglucuronide of MbOCA reported in this paper has characteristics similar to those of the N-glucuronide of benzidine.'°Both MbOCA and benzidine glucuronides spontaneously decompose in aqueous solution at 37°C within 24 hours to yield the parent amines. In addition, neither glucuronide produces a molecular ion on electron impact mass spectrometry, the only major ions produced being characteristic of the respective free amines.
In the present study chemical synthesis resulted in the formation of two N-glucuronides of MbOCA. The more polar of these was readily hydrolysed by /3-glucuronidase, had a molar ratio ofglucuronic acid to MbOCA of about 1: 1, and had a thermospray mass spectrum consistent with that of a mono-Nglucuronide. The chromatographic properties of this conjugate on HPLC were identical to those of the enzymatically synthesised f,-N-glucuronide. Thus it is concluded that this compound was the /3-Nglucuronide of MbOCA and that the other product of chemical synthesis was the at-N-glucuronide. Although the /3-glucuronide is the major MbOCA containing metabolite in the urine of workers exposed to the compound, at least three other MbOCA related compounds are present. One of these is free MbOCA. Another resembles N-acetylMbOCA in its retention time and resistance to heat hydrolysis. The remaining compound is heat labile, and may be a conjugate of N-acetyl-MbOCA.
MbOCA ,B-N-glucuronide is readily hydrolysed both spontaneously at 37'C and by /3-glucuronidase. Urine normally contains ,B-glucuronidase but this varies in concentration over a 10-fold range.'6 It is possible that little or no MbOCA is excreted into the bladder as the free amine, with most of the MbOCA present as the N-glucuronide. This is likely to undergo some hydrolysis in the bladder, either enzymatically or spontaneously, before voiding of the urine. Furthermore, urine samples from workers in factories sent by post to the laboratory for analysis are likely to be subjected to considerable variation in ambient temperature and time between voiding and analysis. Measurement of unconjugated ("free") MbOCA in these samples will therefore be greatly influenced by the preanalytical treatment of the sample, leading to erroneous estimates of relative exposure. Reliable determination of exposure will thus be obtained only after complete hydrolysis of any labile conjugates. Any biological monitoring strategy for workers who might be exposed to MbOCA should include measurement of "total" urinary MbOCA after hydrolysis.
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